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Abstract 
The article deals with the analysis of a damaged part, which was designed for use in a mechanical 
clutch of a car. The crack in the part was found during the production inspection. The aim of metallographic and 
fractography analyses of the fracture surfaces was to discover the reasons for the crack. The reason for creating 
the crack was the formation of smaller cracks in the production during pressing process of the semiproduct. 
These  cracks  even  grew  after  the  following  thermochemical  treatment.  The  fracture  was  initiated  during 
the straightening process of quenched part. 
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1. Introduction 
The damage of the part (Fig. 1) was detected 
during the continuous in production inspection. This 
part was designed for the mechanical clutch of a car. 
This part ensures radial suspension of the clutch disc 
through helical springs (smoother grip of the clutch, 
mainly  during  initial  acceleration  of  a  car)  and 
transmissions torque from engine to the gear box. 
Investigated  part  was  cracked  on  three 
locations.  More  detailed  views  are  shown  in  Fig.  2 
and Fig. 3. The aim of metallografic analysis was to 
determine the reason of the damage.  
   
           
 
 
The  semiproduct  for  the  production  of  this 
part was a rolled steel strip with a thickness arround    
2  mm  from  low carbon steel C10. The geometrical 
shape of  the part was  made by cold-pressing  process 
after    unwinding    and  straightening  of  the  plate. 
The following  thermochemical  treatment  (carbo-
nitriding) was provided to form a diffusion layer with 
thickness from 0.1 to 0.3 mm and surface hardness 
from 58 to 62 HRC. Tempering and straightening of 
the part was realized using a fixture, manipulators and 
a hydraulic press.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Overview of the damaged carbonitrided  part (locations of cracks are marked with arrows) 
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Fig. 2. Detailed view of the damaged part 
 
 
2. Experiments and material 
Fractography  is  the  detailed  analysis  of  a 
fracture surfaces to determine the cause of the fracture 
and  the  relationship  of  the  fracture  mode  to  the 
microstructure of the material [1]. 
 The  sample  for  the  fracture  surface  analysis 
was  cut  by  the  grinding  wheel  with  water  cooling 
from the damaged place of the part. The sample was 
cleaned in an acetone bath using ultrasound. Analysis 
of  the  fracture  surface  was  performed  in  the  crack 
region  of  the  part  with  a  TESLA  BS  300  scanning 
electron microscope.     
Detailed view of the fracture surface is visible 
in Fig. 4. It can be observed from this picture, that a 
sharp  transition  (notch)  exists  between  the  fracture 
surface and the bend section of the part. In the sharp 
transition  of  the  part  crack  propagation  can  be 
observed.  
 
Fig. 3. Overview of the damaged part - opposite site 
 
 
Intercrystalline  brittle  fracture  is  documented 
in  the carbonitrided  layer of  the part (Fig. 5).   More 
coarse-grained  structure  and  cleavage  fracture  are 
observable from the fracture surface [2, 3].   
Detail  of  the  fracture  surface  from  the 
transitional area of the carbonitrided layer is shown in 
Fig.  6.  The  fracture  surface  is  a  mixture  of  several 
types  of  fracture  surfaces.  Transcrystalline  brittle 
fracture, cleavage fracture and also ductile fracture are 
present in this area.  
The fracture surface in the core region of the 
part (material C10 with low carbon content) is formed 
by  ductile  fracture  with  characteristic  dimple 
morphology (Fig. 7).  
Samples  for  the  microscopic  analysis  of 
the part  were  cut  by  a  grinding  wheel  with  water 
cooling  and  prepared  via  common  metallographic 
procedures. 
 
 
 
 
Fig. 4. Synoptic view on the location of the damage, 
the sharp notch between the fracture surface and 
the bend section of the part, SEM 
 
Fig. 5. Detail of the fracture surface from the area    
of the carbonitrided layer, intercrystalline brittle 
fracture, SEM 
6 mm 
 
 
   
4 mm 
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Microstructure  of  the  samples  was  analysed 
using  light  microscopy  (Neophot  30  microscope 
equipped with a CCD) [4].  
In  Fig. 8  the  microstructure  of  the  carboni-
trided part is shown [5, 6]. A surface diffusion layer 
is visible on both sides of the figure. Microstructure 
of the surface diffusion layer is formed by martensite 
and retained austenite (Fig. 9). Slightly   more coarse-
grained   martensitic  structure can be observed in this 
picture  [7].  Microstructure  of  the  transitional  area 
under the diffusion layer is illustrated in Fig. 10. It is 
predominantly formed by a bainitic microstructure as 
a consequence of lower carbon content [8]. 
The microstructure in the core of the part is 
predominantly  bainitic  with  approximately  3  %  of 
ferrite (Fig. 11). 
   
Fig. 8. Synoptic view of microstructure of carbonitrided 
part, a diffusion layer can be observed on both sides 
of the photography, etched 3 % Nital 
Fig. 9. Detail of the carbonitrided layer’s microstructure, 
martensite and retained austenite, etched 3 % Nital 
   
Fig. 10. Microstructure of the transitional area 
of the diffusion layer, it is formed by bainite 
and martensite, etched 3 % Nital 
Fig. 11. More detailed view of the microstructure 
in the core of the part, bainite and approximately 
3 % of ferrite, etched 3 % Nital 
 
Fig. 6. Detail of the fracture surface from 
the transitional area of the carbonitrided layer, 
mixed type of failure, transcrystalline brittle 
and ductile fracture, SEM 
 
Fig. 7. Detail of the fracture surface in the core 
of the part, transcrystalline ductile fracture 
with dimple morphology, SEM Materials Engineering, Vol. 17, 2010, No. 1  32  
The chemical composition of the basic material 
in  the  core  of  the  part  was  measured  with  a 
Spectrotest  instrument.  The  surface  diffusion  layer 
was  grinded  with  water  cooling  (approximatelly 
0.8 mm). Measured values of the material’s chemical 
composition  are  given  in  Table  1.  The  measured 
chemical  composition  of  the  damaged  part 
corresponded  with  the  specification  given  in  the 
drawing documentation (material C10). 
The surface hardness of the part was measured 
on a flat area by the Vickers method using a Zwick 
3212 instrument (loading 19.62 N). 
Ten  measurements  were  performed  in  this 
experiment  and  their  results  are  shown  in  Table  2. 
The measured hardness values were in the range from 
736  to  746  HV  2. The  average  surface  hardness  is 
741 ± 5 HV 2 or 62 HRC [9].         
The hardness of the part was measured along 
its  cross  section  using  the  Vickers  method.  A  load 
of  9.81 N was used. The depth of pre-hardenability 
corresponds to values found in DIN 50190 - 0.35 mm 
[10].  The  measured  hardness  values  are  illustrated 
in  Fig. 12.  
 
Tab. 2 
Hardness values measured on the surface of the damaged carbonitrided part 
Nr.  1  2  3  4  5  6  7  8  9  10 
Hardness HV 2  740  736  738  745  743  737  738  746  741  745 
 
 
Fig. 12. Hardness values measured in the damaged carbonitrided part along the cross-section 
 
 
3.  Results and discussion 
  The  investigated  part  was  cracked  at  three 
positions,  cracks  propagated  through  the  thinnest 
cross-section. Near these places, shaped holes made 
by pressing acted as a notch. Moreover, the part has 
overall a slim shape. After thermochemical treatment 
and  hardening  high  surface  hardness  was  achieved. 
Afterwards this part was straightened and tempered in 
a fixture of the hydraulic press [11]. Following factors 
affecting  the  part  simultaneously  during  the 
straightening  process  –  deformed  shape  of  the  part 
after  hardening  (thin-walled  part),  cracks  created 
during  pressing  of    the  semifinished  product  (sharp 
notch  in  locations  of  shape  holes),  more  coarse-
grained  microstructure  of  surface  layer  after 
thermochemical  treatment,  high  surface  hardness 
Tab. 1 
Chemical composition of the basic material 
Chemical element  C  Mn  Si  P  S  Cr  Mo  Fe 
Measured values [wt. %]  0.10  0.36  0.06  0.014  0.013  0.04  0.03  bal. 
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33  
(martensite in surface diffusion layer of the part) and 
existence  of  internal  tension,  which  was  created 
during hardening.  
 
4.  Conclusion 
The main reason of cracks was the initiation 
of  cracks  during  the  process  of  pressing  of  shaped 
holes (sharp notch in places of shaped holes). The risk 
of  crack  propagation  was  increased  by  thermo-
chemical treatment and  hardening in the production 
process.  The  fractographic  analysis  of  the  fracture 
surface proved, that the cracking of the part happened 
in  the  fixture  of  the  hydraulic  press  during  the 
straightening process. In terms of damage prediction 
defectoscopic  observation  of  the  parts  after  cold-
pressing  as  well  as  thermochemical  treatment  and 
straightening is required. 
 
References 
[1]  Masters,  J. E.:  Fractography  of  modern 
engineering  materials.  ASTM  special  technical 
publication, Nashville, September 1987, p. 447. 
ISBN 0-8031-0950-4. 
[2]  Hazlinger,   M.;  Moravčík,  R.:   Degradačné   
procesy  a   predikcia   životnosti. E-skriptum, 
AlumniPress,  AIS  MtF  STU  Trnava,  2007, 
p. 162. ISBN 978-80-8096-031-5.  
[3]  Hrivňák,  I.:  Fraktografia.  E-skriptum,  Alumni-
Press, AIS MtF STU Trnava, 2009, 99 p. ISBN 
978-80-8096-089-6. 
 
[4]  Moravčík,  R.:  Možnosti  využitia  programu 
ImageJ  v  oblasti  výskumných  prác  na 
materiálových   katedrách. In: Výskum a výučba 
na materiálových katedrách českých a slov. VŠ, 
Smolenice  -  Trnava,  AlumniPress,  2007.  ISBN 
978-80-8096-016-2, p. 32.  
[5]  Béguin,  C.:   Einführung  in  die  Technik  der  
Schutz  -  und      Reaktionsgase.  Schweizerischer 
Verband  für  die  Wärmebehandlung  der 
Werkstoffe, 1998. 
[6]  Davis,  J.  R.:  Gear  materials,  properties,  and 
manufacture. ASM International, Materials Park, 
Ohio, United States of America, September 2005, 
p. 329. ISBN 0-87170-815-9.  
[7]  Hazlinger,  M.:  Karbonitridácia  ocelí.  In:  9.  Int. 
sci. conf. TRANSFER 2007 - Využívanie nových 
poznatkov  v  strojárskej    praxi,    Trenčín,  2007. 
ISBN 978-80-8075-236-1, s. 187-190. 
[8]  Švec, P., Gondár, E., Pulc, V.: Vrstvy  nacemen-
tované  v  ekologickej zmesi. In:  Přínos meta-
lografie  pro  řešení  výrobních  problemů, 
Marianské Lázňe 1996, p. 113÷115. 
[9]  DIN  50150:  Norma  pre  prepočet  jednotlivých 
hodnôt  tvrdosti  na  pevnosť  v ťahu  materiálu.  
(The  standard  for  a  conversion  of  particular 
values of hardness to tensile strength of material). 
[10] DIN  50190:  Norma  pre  vyhodnotenie  hĺbky 
prekalenia  chemicko  - tepelne  spracovaných  
súčiastok. 
[11] Taraba,  B.;  Behúlová,  M.:  Príspevok  k  meto-
dológii  tvorby  a  využitia simulačných modelov 
tepelných procesov. Acta Metallurgica Slovaca 4, 
TU Košice, 2000. 
 
 
 
 
 
 
 
 
 
   